A combined physical-chemical protocol for whole full-thickness bladder decellularization is proposed, based on organ cyclic distention through repeated infusion/withdrawal of the decellularization agents through the urethra. The dynamic decellularization was intended to enhance the cell removal efficiency facilitating the delivery of the detergents within the inner layers of the tissue and the removal of cell debris. The use of mild chemical detergents (hypotonic solution and non-ionic detergent) was employed to limit adverse effects upon matrix 3D ultrastructure. Inspection of the presence of residual DNA and RNA was carried out on decellularised matrices to verify effective cell removal. Histological investigation was focused on assessing the retention of adequate structural and functional components that regulate the biomechanical behavior of the acellular tissue. Biomechanical properties were evaluated through uniaxial tensile loading tests of tissue strips, and through ex vivo filling cystometry to evaluate the whole organ mechanical response to a physiological-like loading state. According to our results, a dynamic decellularization protocol of 17-h duration with a 5-ml/min detergent infusion flow rate revealed higher DNA removal efficiency with respect to standard static decellularization, resulting in residual DNA content < 50ng/mg dry tissue weight.
Introduction
In the last decade, biologic scaffolds derived from decellularized tissues have been successfully used in preclinical animal studies and in human clinical regenerative medicine applications, with promising results reported in the regeneration of several tissues/organs Atala (2007) , Badylak et al. (2009) . The clinical success of acellular tissues is due to the unique biochemical and biomechanical properties of these matrices Kim et al. (2008) , Brown et al. (2010) . The ultimate goal of decellularization is to remove from the tissue all the cellular and nucleic material responsible of adverse inflammatory or immune response, elicited by cell membrane epitopes and nucleic DNA, while retaining the complex mixture of structural and functional proteins that constitute the native extracellular matrix (ECM) Gilbert et al. (2006) . Ideally, decellularization has the potential to produce a functional implant with preserved in vivo-like composition and physical properties, together with bioactive factors favorably acting as modulators of cell behaviour, eliciting cellular biologic recognition and specific cell-matrix interactions, encouraging cell proliferation and infiltration, and enhancing tissue regeneration and remodeling Kim et al. (2008) . Because components of the ECM are generally conserved across different species, allogeneic/xenogeneic decellularized matrices can be implanted without inducing any adverse host response Brown et al. (2006) . Furthermore, the implant of a biological-derived tissue patch with native biomechanical properties enhances in vivo engraftment with host tissues, leading to a proper functional recovery.
In this context, bladder acellular matrix (BAM) is increasingly used for the regeneration of the urinary bladder Obara et al. (2006) , Urakami et al. (2007) , Loai et al. (2010) , Davis et al. (2010) . According to current literature, great efforts have been made to establish a decellularization protocol for the production of a functional BAM. Recent studies reported the ingrowth of urothelial, smooth muscle and endothelial cells, and of nerve tissue into the implanted acellular patch from adjacent bladder parenchyma, with partly improved bladder functionality after BAM grafting as a bladder augmentation Reddy et al. (2000) , Brown et al. (2002) .
However, several drawbacks severely affecting the long-term bladder functionality still remain to be overcome before to consolidate the BAM implant procedures as a routinely clinical practice. Yang et al. recently suggested that unsatisfactory results might be attributed to the disruption of ECM constituents induced by the decellularization process Yang et al. (2010) . Most of the current decellularization protocols, commonly combining a variety of physical (pressure gradient, snap freezing, electroporation, agitation, sonication, etc.), chemical (tissue detergents exposure), and enzymatic (nuclease digestion, trypsin exposure, etc.) approaches Gilbert et al. (2006) , are based on tissue static incubation within decellularising agents containing solutions. In those experiments, the bladder was exposed for long time (varying between 48h and 72h) to the action of the detergents to achieve complete cell elimination, neglecting the effects upon the ECM components and the mechanical properties of the decellularized tissues Yang et al. (2010) . Crapo et al. reported that prolonged exposure of the tissues to the action of chaotropic (e.g., EDTA) and enzymatic (e.g., trypsin) agents to completely remove cellular material, could denaturize structural and functional ECM proteins, therefore inhibiting the postulated beneficial properties of the cell-free ECM Crapo et al. (2011) .
Furthermore, despite characterized by high cell removal efficiency, ionic detergents (e.g., sodium dodecyl sulfate, SDS) have been reported to cause irreversible tissue swelling, protein denaturation and a drop in biomechanical properties with respect to native tissue. They have also been indicated as a possible source of cytotoxicity events responsible for poor cell re-population in in vitro experiments Gratzer et al. (2006 ), Liao et al. (2008 , Yang et al. (2009) . Nucleases, in addition, may be difficult to remove from the tissue and are suspected to possibly invoke an immune response Rieder et al. (2004) , Crapo et al. (2011) .
Recently, a number of groups have investigated new-conception strategies for dynamic whole organ decellularization, consisting on continuous or cyclic perfusion of the decellularising agents throughout the vascular network Ott et al. (2008) , Shupe et al. (2010) , Petersen et al. (2010) , Baptista et al. (2011), Song and Ott (2011) . This approach presents three main advantages with respect to static protocols. Firstly, decellularization efficiency increases: perfusion minimizes the diffusion distance for detergents to cells in the inner layers of the tissue, facilitating the delivery of the chemical agents within the deeper parenchyma and the elimination of cellular debris. Secondly, dynamic perfusion allows shortening the overall treatment duration, therefore limiting the adverse effect of the decellularising agents upon ECM proteins. Thirdly, a whole-organ decellularization yields to the attainment of an acellular scaffold preserving the threedimensional (3D) architecture of the organ, together with the biochemical and biomechanical properties of the native ECM Crapo et al. (2011 . In this perspective, the whole organ dynamic decellularization approach is particularly valuable for bladder decellularization. Indeed, the ability of the bladder to allow organ expansion to fill and store relatively large volumes of urine under little increase in intravescical pressure is the result of a complex property mediated by the interaction among the smooth muscle cells, their 3D spatial arrangement within the ECM wall, and, considerably, the passive elastic properties of the bladder connective tissue Andersson and Arner (2004) , Korossis et al. (2009) .
In this study, we present a new dynamic decellularization protocol combining a physical and a chemical approach to obtain a BAM from whole-organ intact full-thickness rabbit bladder. In the proposed approach, whole-bladder dynamic mechanical distention was applied to exploit the possibility to enhance cellular and nucleic material removal efficiency with respect to standard static incubation approaches. In particular, we adapted the protocol described in Baptista et al. Baptista et al. (2011) for whole liver decellularization, consisting in organ perfusion with mild chemical detergents. In the present work, we performed cyclic mechanical distention of the whole-bladder involving the use of the same mild chemical detergents suggested by Baptista and colleagues Baptista et al. (2011) , thus being more conservative in terms of tissue integrity and ECM ultrastructure preservation with respect to state of the art bladder decellularization protocols. Dynamic decellularization was carried out by a multi-channel system designed for enabling the bladder to be cyclically distended throughout the whole process by detergent infusion via the urethra.
Infusion/draining cycles were aimed at: i) allowing bladder wall distention to entirely exposing the wall surface to the action of the chemical agents, ii) allowing the detergents to better penetrate within the inner layers of the bladder wall, thanks to a mild pressure gradient-induced effect, iii) facilitating the cell debris removal through continuous tissue washing. To validate the established protocol, after verification of adequate DNA and RNA removal in the acellular tissue, histological observations were combined with a comprehensive biomechanical characterization of the acellular bladders, to evaluate the effectiveness of the protocol in preserving composition, 3D architecture and biomechanical behaviour of the BAM and to evaluate whether in vivo-like whole-organ specific distention properties were preserved in the acellular organ.
Materials and Methods

Specimen procurement
Whole bladders from 6-months-old male rabbits were obtained from a local abattoir. Bladders were harvested immediately after animal slaughtering and transported to the laboratory within Eurocollins solution (Eurocollins solution kit, Monico S.p.A., Italy) to preserve organ viability. To perform decellularization of the whole organ within the dynamic distention system, the urethra was cannulated (Surflo ® Teflon I.V. catheter 
The decellularization protocol
Bladders were connected through the catheterized urethra to the multi-channel dynamic decellularization system ( Fig. 1 , see appendix for details) enabling i) bladder distention, by intravescical infusion of detergents, and ii) bladder voiding, through detergent draining, cyclically and alternately repeated for predeterminable time duration to replicate the bladder natural cyclic filling/voiding dynamics. A three-phase protocol was employed, involving the use of 1) hypotonic solution (de-ionized water) to cause cell lysis by osmotic shock (phase 1, duration T 1 ), 2) non-ionic detergent (1% Triton X-100 with 0.1% NH 4 OH, SigmaAldrich, Co, St. Louis, MO, USA) to remove cellular and nucleic materials (phase 2, duration T 2 ), and 3) deionized water recirculation to wash out cell debris and the residual decellularization detergents (phase 3, duration T 3 ). During each phase, the related fluid was used both for bladder immersion and for intraluminal infusion. Bladder filling was performed at a constant flow rate and the bladders distended up to a maximum pre-set intravescical volume preventing wall overstretching. The maximum distention volume was determined experimentally through analysis of the pressure-volume (P-V) relationship (for details, see section 2.5). Different dynamic protocols were tested varying selectively the phase duration sequence (T 1 +T 2 +T 3 ) and the infusion flow rate, to find a suitable tradeoff between the needs for an efficient cell removal and limiting the ECM exposure time to the chemical agents. A static decellularization campaign was conducted as a control: in the static campaign, bladders were sequentially incubated in the same detergents used in the dynamic protocol with equivalent distention volume and phase duration. Thanks to combined intravescical organ filling and organ incubation in decellularising agents containing solution, both in the static and dynamic decellularization protocols the abluminal and adluminal surfaces of the bladders were exposed to the action of the decellularising agents. All the procedures were carried out at room temperature. In table 1, the details of the dynamic and static decellularization protocols are summarized.
Histological examination
Histological analysis was used as a first line of inspection to assess the efficiency of the decellularization process. Fresh and decellularized tissue samples extracted from the lower body region of the organ were fixed in 10% (v/v) neutral buffered formalin, dehydrated through graded alcohols, clarified in xylene and embedded in paraffin. Haematoxylin and Eosin (H&E) staining was used to evaluate whether nucleic structures could be observed within the decellularised tissue. The Mallory's trichrome stain (Special Stain Kit Mallory trichrome, DiaPath, Martinengo, Italy) and the Orcein stain (NovaUltra Orcein Elastin Stain Kit, IHCWorld, LLc, Woodstock, USA) were used to evaluate the degree of preservation of collagen and elastic fibers within the acellular ECM. A score was assigned (0 = not preserved; 1 = poorly preserved; 2 = moderately preserved; 3= well preserved) to denote the degree of maintenance of the specific distribution pattern of collagen and elastic fibers (Grauss et al., 2005) .
Extraction and quantification of DNA and RNA
Quantitative evaluation of residual DNA and RNA was performed on the decellularised tissues and compared with native bladder. DNA and RNA extraction was performed from samples from the lower-body region of the organ, as previously described Turin et al. (2000) , Riva et al. (2010) . The concentration of DNA and RNA was determined using a spectrophotometer (BioPhotometer, Eppendorf, Hamburg, Germany) at 260 nm wavelengths. The values of DNA and RNA contents were expressed as the ratio between the weight of DNA and RNA per tissue dry weight (µg/mg).
Biomechanical characterization
Uniaxial tensile loading (UTL) tests were carried out on samples retrieved from the lower-body (LB) region of the bladder to characterize the biomechanical properties of full-thickness native rabbit bladders. Moreover, we compared the biomechanical behavior of the dynamic vs the static group to selectively discriminate between potential differences attributable to the decellularising chemical environment alone or to its use in combination with a repeated mechanical distention. The directional anisotropy of the bladder wall was also investigated by retrieving and testing specimens along the apex-to-base (LB-AB) and transversal (LB-T)
directions. UTL tests were performed using a servo-hydraulic material-testing machine (MTS Uniaxial
Testing Machine, MTS System Corporation, MN, USA). The decellularized bladders were tested within 24h from the end of the decellularization process. Before the tests, the specimens were conserved in Eurocollins solution at 4°C. Dog-bone shaped tissue strips of 4-mm width and 20-mm length were dissected with a block cutter. A sandpaper frame was constructed around the specimens as described in Dahms et al. Dahms et al. (1998) to facilitate uniform gripping and to avoid sample slippage from the machine clamps during tensile tests. The thickness of each strip was measured with a micrometer (0.05 mm scale) in three different regions along the specimen length and the mean value used for mechanical parameters calculation. Stress-strain curves were derived from the load-displacement curves obtained from UTL tests and six parameters were calculated according to Korossis et al., Korossis et al. (2009) which characterize the typical quasistatic stress-strain behaviorof the bladder wall ( Fig. 2 ): i) ultimate tensile stress (σ max ), ii) ultimate tensile strain (ε max ), iii) transition stress (σ trans ), iv) transition strain (ε trans ), v) low-strain elastic modulus (E low ), and vi) highstrain elastic modulus (E high ).
Whole-organ analysis of the bladder wall distention properties
An experimental set-up was developed for the ex-vivo filling cystometry curve measurement of whole bladders (Fig. 3A) , to describe the intravescical pressure behavior associated to continuous bladder filling.
Native bladders were tested approximately 4h after the organ explant; for decellularized samples, the cystometric analysis began immediately after the end of the decellularization. The bladders were catheterized via the urethra with a 9Fr bilumen catheter (UDCDL090, BEL Bioengineering Laboratories, IT), immersed in an organ bath containing saline solution and, via a 3-way stopcock, connected to a peristaltic pump (323D, Watson-Marlow, USA) and to a pressure sensor (26PC flow-through, Honeywell, USA).
Bladders were infused with saline solution at a 1ml/min flow rate and the intravescical pressure continuously measured and acquired via a I/O hardware and a custom-made software interface (DAQcard-6036E and LabView TM , National Instruments, USA).
Statistical analysis
The results of residual DNA and RNA content analysis for the three analyzed groups (native, static and dynamic) are presented as mean±SD. 
Results
Histological evaluation of the decellularization efficiency
H&E histological staining of native and decellularised rabbit bladders are shown in figure 4 . In native bladder, the presence of intact urothelium, smooth muscle bundles and cell nuclei are evidenced (Fig. 4A ).
Concerning dynamically decellularized samples, histological examination revealed a gradual improvement of cell removal efficiency at increasing treatment time (i.e., from the 4+4+1 to the 8+8+1 protocol, Fig. 4B-D) .
Notably, the 8+8+1 protocol apparently yielded a complete cell nuclei removal from the tissue when associated to a 5ml/min infusion flow rate (Fig. 4D) , while visible nuclei were still present when a lower 3ml/min flow rate was used (Fig. 4E) . Static decellularization was not as efficient: indeed, the 8+8+1 static protocol did not ensure complete nuclei removal either from the urothelium or from the inner ECM layers (Fig. 4F) . On the basis of this analysis, the bladders treated with the dynamic 8+8+1 -5ml/min protocol were considered for further characterization and compared with native tissue and the 8+8+1 static samples.
Histological analysis with Mallory's trichrome staining (Fig. 5 ) revealed a partial degradation of the urothelium occurring in both the 8+8+1 dynamic (5ml/min) and static groups with respect to the native tissue ( Fig. 5A-C ). In turn, analysis of the collagen distribution within the acellular tissue in the dynamic group revealed a good degree of preservation of the collagen architecture (Fig. 5B , scored as 3 in Table 2 ), even if a partial loss of the texture of the 3D fibrillar structures associated to an increased interfibrillar space was noticed with respect to the native tissue (Fig. 5A) . On the contrary, the collagen distribution was severely compromised in the static samples where the fibrillar architecture was almost totally lost (Fig. 5C , scored as 1 in Table 2 ). In addition, while intact elastic fibers were detectable in the samples from the dynamic group (Fig. 5E , scored as 2 in Table 2 ), they appeared fragmented in the static group ( Fig. 5F ) with respect to native tissue (Fig. 5D , scored as 1 in Table 2 ).
Analysis of DNA and RNA content
The results from the analysis of residual DNA and RNA content in the tissue samples decellularised with the 8+8+1 protocol confirm evidences from histological analysis (Fig. 6 ). In detail, the DNA and RNA content of native bladders (2.635±0.186µg/mg and 1.262±0.070µg/mg, respectively) were significantly reduced (p<0.001) after both static incubation (0.229±0.105µg/mg and 0.047±0.040µg/mg) and dynamic decellularization with 5ml/min infusion flow rate (0.039±0.021µg/mg and 0.065±0.023µg/mg). Remarkably, the dynamic distention protocol resulted in a significant reduction of residual DNA content with respect to static incubation (p<0.05).
Biomechanical characterization
Results from UTL tests (Fig. 7) revealed no significant differences between the biomechanical behaviour of the native and treated bladder wall tissue samples (p>0.05 for all the investigated parameters). Moreover, no significant differences were observable comparing the dynamic vs the static group (p>0.05 for all the investigated parameters). Thus, according to our results, it appears that the proposed combined physicalchemical decellularization approach is effective to yield a BAM preventing any major fail in the tissue biomechanical properties. In addition, no significant directional anisotropy (LB-AB vs LB-T samples) was observed in the uniaxial mechanical properties of the native rabbit bladder as well as after the decellularization (p>0.05 for all the investigated parameters).
Whole-organ analysis of the bladder wall distention properties
The maximum distention volume not overstretching the native rabbit bladder wall was determined experimentally on the basis of the evaluation of the intravescical pressure increment related to continuous organ filling. A representative cystometric curve acquired on native rabbit bladder is depicted in figure 3B showing that after an initial rapid intravescical pressure rise with the first addition of volume, the bladder responds to continuous organ filling with a little change in pressure associated to a rather large increase in volume, up to an approximately 20-ml filling volume; after that, a further additional slight infusion of volume causes a considerable and rapid pressure increase related to a non-physiologic condition of bladder wall overstretching potentially damaging/breaking the ECM structural components. Consequently, in the decellularization campaigns, the bladders were distended up to a 20-ml intravescical volume.
The results from cystometric analysis for native and dynamically decellularised bladders are depicted in figure 8 , with P-V curves acquired on acellular organs not reproducing the trend observed in native bladders.
For acellular organs, in fact, the curves were characterized by: i) an initial extensive region, extending up to a 36±4 ml intravescical volume (V 1 ), in which a slow pressure increment is associated to intravescical filling, ii) a transition region with a marked increase of the pressure curve slope leading to a rapid pressure rise, followed by iii) a final region, over a 42±4 ml intravescical volume (V 2 ), in which a decreasing slope of the P-V curve was observed. Volume V 2 was assumed to be the break-point leading to bladder overstretching for the acellular samples. It is worth to notice that above the overstretching volume the acellular bladders did not respond with a sudden pressure rise, as the native bladders did (Fig. 3B) , rather exhibited quasi-plateau behaviour. This occurrence may be representative of filtration of the infused fluid, due to increased permeability of the bladder wall, as a consequence of the massive cell removal, and in particular of the urothelial cells. Despite those alterations in the P-V curve, notably within the V 1 -V 2 range the acellular organs demonstrated the ability to withstand an effective pressure increment in response to intravescical filling with maximum pressure values comparable with the ones of native bladders (2.79±0.51 mmHg and 2.70±0.57 mmHg, respectively). Cystometric analysis of statically incubated bladders produced P-V curves with an overall curve trend comparable to the one from the dynamically perfused group (data not shown).
However, statistically significant differences (Student's t-test, p = 0.036) emerged by comparing the P-V curve slope in the V 1 -V 2 region of the dynamic vs the static group. The different mechanical response to continuous organ filling may reflect the different degree of collagen and elastic fiber preservation observed in the two groups through Mallory's trichrome and Orcein staining (Fig. 5) .
Discussion
The whole full-thickness bladder dynamic decellularization protocol
It is widely recognized that for the BAM to retain physiologic functionality it is strictly necessary to preserve the physical and mechanical properties of the bladder ECM during the decellularization Gilbert et al. Conversely, cell nuclei were not adequately removed after a 17-h static incubation. We therefore improved the efficacy of the decellularization in terms of process duration with respect to previous works, which reported bladder full static decellularization with procedures lasting 48-72h Yang et al. (2010) , Rosario et al. (2008) , Bolland et al. (2007) . Indeed, from our study, it appears that, in static incubation, the purely diffusionbased delivery of the decellularising agents is insufficient to promote complete cell removal from the inner layers of the ECM. In this respect our findings are in accordance with evidences reported in Baptista et al., who demonstrated that the tissue matrix constitutes a barrier to diffusion at the outer surface, preventing efficient access of the detergents to the deeper parenchyma Baptista et al. (2009) . In our dynamic distention system, the delivery of the decellularising agents was supplemented by convection mechanisms; this, together with the effect of ECM fluid turnover induced locally by cyclic wall distention, was effective in overcoming the limitations related to long-lasting static treatments.
BAM 3D ultrastructure
Histological staining revealed a partial ECM ultrastructure modification following the decellularization.
Nevertheless, it is recognized that the ECM fibers must be adequately disrupted during the decellularization process to allow for exposure of all cells to the decellularising agents and to provide a path for the cellular debris to be removed from the tissue Gilbert et al. (2006) . This phenomenon was indeed observed in previous studies by other groups and associated to the (indispensable) removal of the cells lying in the gaps among the extracellular fibrous structures L'Heureux N (1993), Ozeki et al. (2006) , Badylak et al. (2011 ), Heine et al. (2011 . Interestingly though, we observed a good degree of preservation of the collagen matrix structure and of the elastic fibers distribution in the dynamically treated BAM with respect to the static samples, suggesting that the cyclic filling/voiding approach, beyond being beneficial in terms of cell removal, was conservative with respect to the ECM protein architecture. It is worth to notice that during dynamic distention the organ experiences a cyclic loading state more similar to the bladder cyclic distention occurring in vivo, while static incubated samples were subjected to a continuous and long-lasting distention dramatically affecting the ECM architecture.
Biomechanical and distention properties of native and acellular matrix
A twofold approach was employed to gain insight into the effects induced by the decellularization upon the biomechanical behavior of the acellular tissue. UTL tests were used for plain tissue characterization, whereas ex-vivo filling cystometry was chosen to describe whole-organ mechanics.
BAM UTL tests indicated that our mild chemical aggression minimally affected the acellular ECM biomechanical properties. Indeed, static incubation up to 17h led to a matrix owning biomechanical behaviour with great similarities to the native tissue, avoiding the modification of the mechanical characteristics that have been associated to the use of ionic detergents Bolland et al. (2007) , Gratzer et al. (2006) . Comparable results were obtained in the dynamic group, proving that the cyclic mechanical distention was not detrimental in preserving native-like biomechanical properties of the acellular ECM.
We observed the lack of any significant directional anisotropy in the biomechanical properties of the lower body region of the native rabbit bladder wall, as well as after the decellularization. To date, to the authors' knowledge, no published data evaluating potential anisotropy in the rabbit bladder are available; thus, it appears that a critical analysis of our data with respect to the literature in this field is impracticable. Our Concerning ex-vivo filling cystometry, we borrowed this method from clinical cystometry, a procedure routinely used to evaluate bladder urinary storage function and used as a component for the diagnosis of various bladder disorders. In this work, cystometric analysis was aimed at establishing the passive distention properties of the ECM in the acellular organs in response to in vivo-like intravescical filling. Cystometric analysis revealed that the P-V relationship of the acellular bladders differed sensibly from the native curve. In particular, the major change was a considerable increase of the zero-pressure volume, i.e., the largest intravescical volume at zero intravescical pressure (V 1 in Fig. 8 ), associated with an almost complete loss of structural tone at low infusion volumes. In consideration of histological observations, it seems quite reasonable to assume that this change was a direct result of the removal of the cells from the matrix. In particular, the complete depletion of muscular component implies loss of its structural role in the stiffening of the native matrix during filling. On the other hand, cell removal is liable to create gaps in the ECM and this, combined with a partial loss of the fibrillar texture, may give the matrix a way to reorganize and reshape in the form a looser structure. At a first glance, cystometric results may seem to clash with UTL data, which demonstrated, basically, unaltered biomechanical properties of the BAM. However, it is worth to notice that in UTL testing tissue strips were pre-tensioned before loading the samples, thus, they were loaded immediately as soon as they were elongated by the testing machine, whereas the tissue in the acellular bladders was not stretched instantly with early volume infusions, rather a sort of pre-inflation was required to effectively stretch the wall fibers to withstand a pressure increment. Over V 1 (Fig. 8) instead, acellular bladders were effectively stretched and a pressure increment comparable with the native condition was observed, which is consistent with the observations drawn from the UTL tests. Then, in the last region of the P-V curve (V > V 2 in Fig. 8 ), a slope decrease was observed with the pressure exhibiting quasi-plateau phase. This behavior may be explained considering the removal of urothelial cells, representing the natural barrier preventing the intravescical fluids from infiltrating the subepithelial layer. In bladder decellularization, however, the removal of the urothelial cells was an essential requisite to allow the detergents to penetrate within the inner tissue layers to promote complete cell removal. Moreover, the massive cell removal from the inner tissue layers lead to increased interfibrillar space with such effect contributing to increase matrix porosity. Consequently acellular bladders were characterized by higher fluid permeability, particularly in the overstretched state. Accordingly, the low intravescical pressure increment against continuous intravescical filling above V 2 was representative of filtration of the infused fluid across the ECM pores Farhat et al. (2003) , Cartwright et al. (2006) . In perspective, BAM recellularization, in vitro through urothelial and/or muscular cell seeding prior to scaffold implantation, or in vivo thanks to cell infiltration from the host tissue in the implanted scaffold, could restore a proper bladder permeability barrier preventing urine leakage.
Conclusions
In this study, a protocol combining a physical and a chemical approach for the dynamic decellularization of whole full-thickness rabbit bladder was established, representing a first step toward the attainment of a biological-derived scaffold for bladder regeneration. Several preservation techniques were adopted to preserve the ECM 3D histo-architecture and structural components regulating the tissue mechanical behavior, including limitation of the tissue exposure time to the action of the chemical detergents, the use of detergents minimally affecting the ECM of the tissue and limitation of the bladder distention volume to not overstretch the bladder wall. Our protocol constitutes a promising alternative to counterbalance the tissue deterioration attributable to the use of ionic and/or enzymatic decellularization agents and the long-lasting standard static incubation approaches. Moreover, this study highlights the utility of dynamic decellularization to generate whole organ biological scaffolds, with significant potential for organ bioengineering. Tables   Table 1: curve showing the six parameters used for the tissue biomechanical characterization. Prior to loading to failure, the specimens were preconditioned by applying repeated load and relaxation cycles (3 mm/min strain rate) until the stress strain curves were superimposed: a strain equal to 30% and 10% with respect to the initial specimen length was imposed to the LB-AB and LB-T specimens, respectively. A pretension equal to 0.02 N was applied before loading the samples. UTL test to failure were then performed at a rate of 3 mm/min. 
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